Physicians face challenges while searching PubMed and often miss relevant articles while retrieving too many nonrelevant articles. [3] [4] [5] [6] Clinical decision-making based on evidence from a search may be impaired if relevant articles are missed. Retrieving many nonrelevant articles impedes the efficiency of searching. Improved search strategies are therefore necessary to retrieve a manageable amount of information. The use of PubMed search filters may help solve this problem. Filters are objectively derived, pretested strategies optimized to help users efficiently retrieve articles for a specific purpose. 7, 8 PubMed provides two types of clinical search filters: methods-based and topic-based. Methodsbased filters (known as clinical queries) were designed to retrieve articles on therapy, diagnosis, prognosis and etiology. [9] [10] [11] [12] [13] For example, the clinical queries "therapy" filter is optimized to retrieve publications of randomized controlled trials. Methods-based filters can be used for any clinical discipline and are available for general use in PubMed (www.ncbi .nlm .nih .gov /pubmed /clinical). Topic-based filters, in contrast, are designed to retrieve articles within a specific discipline or topic. For example, the recently developed nephrology filters were optimized to retrieve articles with renal content. 
Impact of PubMed search filters on the retrieval of evidence by physicians
Alternatively, this search could be performed with search filters ( Figure 1B ). Using filters removes the task of generating and including method-specific or topic-specific terms in a search strategy because the filters act as optimized substitutes. For example, applying the nephrology filter eliminates the need to enter renal terms and synonyms in a search query (e.g., chronic kidney disease, endstage renal disease, chronic renal failure). The nephrology filter, instead, maximizes the retrieval of all renal content (see the nephrology filter strategy in Figure 1B) .
In theory, filters should make searching more efficient; however, empiric evidence of this among physicians is lacking. We conducted this study to determine whether the use of methodsbased filters and topic-based filters (alone and in combination) improve the efficiency of physician searches in PubMed. The area of renal medicine is an excellent test model because the literature in this field is dispersed across 400 multi dis ciplin ary journals, and many nephrologists search PubMed for information to guide patient care.
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Methods
Study design
We previously published a detailed protocol of the methods used in this study. 16 Briefly, we identified 100 high-quality systematic reviews about renal therapy using the EvidenceUpdates service (http:// plus .mcmaster .ca/ EvidenceUpdates/), which prescreens and identifies systematic reviews and meta-analyses that meet strict methodologic criteria and have a high potential for clinical relevance. 17, 18 All reviews targeted a single clinical question in the area of renal therapy. The selection process is described in Appendix 1 (available at www.cmaj .ca/lookup /suppl /doi:10.1503 /cmaj .101661 /-/DC1). The reviews included an average of 16 primary studies (ranging from 2 to 68), collectively covering a wide variety of renal topics (acute renal injury . We transformed the objective statements of the reviews into clinical questions (100 questions total).
Data collection
We surveyed a random sample of Canadian nephrologists about their information-gathering practices (response rate 75%). 15 We provided respondents with a unique, randomly selected clinical question focused on therapy that had been generated from the selected systematic reviews. We asked respondents to specify the search terms that they would type into PubMed to retrieve relevant studies to address the clinical question ("search query"). We continued to administer the survey until we received one valid search query for each of the 100 questions.
To test the effect of the filters on physician searches, we executed each physician-generated search query in PubMed, and then we repeated the search after selecting the appropriate filter(s). When searching with a filter, we removed the terms for study design and/or renal content as appropriate because the filters acted as optimized substitutes. Occasionally respondents provided misspelled search terms, acronyms or other discrepancies. To mimic how a physician might address these discrepancies, a nephrologist, a medical librarian and a computer scientist developed a priori rules by which to modify the physician-generated search queries. 16 All modifications were carried out in duplicate and differences were resolved by consensus (Appendix 2, available at www.cmaj.ca /lookup /suppl /doi:10 .1503 /cmaj .101661/-/DC1). For our primary analysis, we used the modified searches because these improved both the comprehensiveness and efficiency of the nonfiltered searches, therefore producing a more conservative estimate of filter efficacy. This occurred because filters can override misspelled search terms in queries that, if left uncorrected, could result in fewer or no relevant articles being retrieved.
All searches were performed on July 7, 2010. We tested two forms of the clinical queries therapy filter (narrow and broad) and two forms of the nephrology filter (narrow and broad), alone and in combination. The broad filters were designed to maximize the retrieval of relevant articles, whereas the narrow filters were designed to minimize the retrieval of nonrelevant articles. Thus, for each of the 100 clinical questions, we performed nine searches: the original physiciangenerated searches plus eight filter-aided searches.
For each search result, we calculated the total number of records found, the number of relevant articles found and the position of the relevant articles in the search results. The primary studies included in the original systematic review served as the set of relevant articles (the reference standard).
Measures and definitions
Search recall (Table 1) quantifies the comprehensiveness of a search and is defined as the proportion of relevant articles that are retrieved by the search query. Search precision quantifies the efficiency of a search and is defined as the proportion of articles retrieved by the search query that are relevant to the search question (also expressed as the ratio of relevant to nonrelevant articles).
Statistical analysis
We used two-sided paired t tests to compare the comprehensiveness and efficiency between the filtered and nonfiltered physician-generated searches. To adjust for multiple comparisons, we used a Bonferroni-corrected α of 0.003 to interpret significance (equivalent to 0.05 divided by 16 comparisons) and report the 99% confidence intervals (CIs).
In our survey, 80% of respondents indicated that they did not scan beyond the first 40 retrieved records, which equates to two default search pages in PubMed. 1 5 Therefore, we repeated the primary analysis while restricting the PubMed search results to the first 40 records.
Whereas our primary analysis treated each article in the reference set as equally important, some physicians may be more interested in identifying a smaller subset of influential articles. Therefore, we also tested the ability of the filters to retrieve articles deemed to be highly relevant or highly cited. We considered an article to be highly relevant if it was referenced by UpToDate (www.uptodate.com), a popular online service that provides evidence-based summaries for physicians. Of the 100 questions, 79 were adequately covered in UpToDate, and a third of the relevant articles were cited (on average, there were six highly relevant articles per question). We considered an article to be highly cited if its citation count was greater than the median citation count of all relevant articles for that question (on average, there were eight highly cited articles per question).
Results
In total, we surveyed 153 nephrologists and received 115 survey responses. Fifteen responses were excluded, leaving a total of 100 search queries for 100 unique clinical questions (eight responses were excluded for a missing or illegible search query, and seven were excluded because we received a late response after the question had been reassigned to another nephrologist).
The search performance of the physiciangenerated search queries with and without the use of search filters is summarized in Table 2 . On average, the nonfiltered search queries retrieved 46% of the relevant articles (range: 0%-100%). The average efficiency of the nonfiltered search queries was 6% (range: 0%-67%), meaning that the ratio of relevant to nonrelevant articles was 1:16.
Applying either of the nephrology search filters alone produced the greatest improvement in the proportion of relevant articles retrieved (narrow filter increased comprehensiveness by 6.5 percentage points, p = 0.003). Applying the narrow form of the clinical queries filter produced the greatest improvement in efficiency (17 percentage points, p < 0.003), while comprehensiveness decreased by 8 percentage points (p < 0.003). Applying the narrow forms of both the nephrology and clinical queries search filters produced the greatest overall improvement: efficiency improved by 16 percentage points (p < 0.003) and comprehensiveness remained relatively unchanged (p = 0.55). Expressing this improvement in efficiency another way, the ratio of relevant to nonrelevant articles improved from 1:16 with the nonfiltered searches to 1:5 when both filters were used together (a threefold reduction in nonrelevant articles). No combination of search filters produced simultaneous improvements in both comprehensiveness and efficiency.
When we restricted the results to the first 40 citations (Table 3) , the use of the narrow form of the clinical queries filter alone maximally improved overall search performance. Comprehensiveness improved twofold (from 13% to 26%, p < 0.003) and efficiency improved fourfold (from 5.5% to 23%, p < 0.003), or an improvement in the ratio of relevant to nonrelevant articles from 1:18 in nonfiltered searches to 1:5 for filtered searches. Neither the use of the narrow form of the clinical queries filter nor the addition of the nephrology filters (narrow or broad) substantively affected the improvements achieved.
Filter performance was similar when only highly relevant or highly cited articles were considered (Appendix 3, available at www .cmaj .ca Note: CI = confidence interval. *Bonferroni-adjusted α = 0.003. †Efficiency is the proportion of articles retrieved by the search query that are relevant to the search question (search precision, positive predictive value). ‡Comprehensiveness is the proportion of all relevant articles that are retrieved by the search query (search recall, sensitivity).
/lookup /suppl/doi:10.1503/cmaj.101661/-/DC1). The combined use of the narrow forms of both filters produced the greatest overall improvement in search performance with significant improvements in efficiency and little change in comprehensiveness.
Interpretation
Our study shows that PubMed filters can improve the efficiency of literature searches conducted by physicians to answer questions about therapy. The combined use of the narrow forms of the clinical queries therapy and nephrology filters resulted in the greatest improvement in search efficiency without reducing the comprehensiveness of the search. For quick searches in which a physician scans fewer than 40 results, the clinical queries therapy filter produced the greatest improvement in both search efficiency and comprehensiveness. This study moves beyond the development of filters to testing their functionality in the realworld context of physician searching. 19 To our knowledge, the latter has only been attempted twice before and never with methods-and topicbased filters in combination. 20, 21 The two previous evaluations compared the use of the clinical queries filters to standard searches in PubMed 20 and Google Scholar. 21 Although each study found that the use of filters improved efficiency, their conclusions are tempered by the small number of searches performed (range: 3-30) and the limited number of clinical topics tested (3, compared with 100 in our study). The second study also used searches developed by the researchers, which may be less generalizeable to searches performed by physicians in busy clinical settings. 21 The use of the clinical queries filters is strongly recommended by proponents of evidence-based medicine and is often taught in courses for physicians about literature searching. Our results support the use of this PubMed filter. Although we examined questions related to renal medicine, we also achieved excellent results when these methods-based filters were used in the absence of the nephrology filters, which suggests that the results would be generalizeable to other subspecialties. However, the use of clinical queries was infrequent among our respondents (20%), despite 89% indicating that they had searched PubMed at least Note: CI = confidence interval. *Bonferroni-adjusted α = 0.003. †Efficiency is the proportion of articles retrieved by the search query that are relevant to the search question (search precision, positive predictive value). ‡Comprehensiveness is the proportion of all relevant articles that are retrieved by the search query (search recall, sensitivity).
once in the previous year for information to guide patient care.
Strengths and limitations
Our study has several strengths. We followed a published protocol to reduce bias. 16 To maximize the generalizability of our results to practicing physicians, our survey used the Tailored design method with random selection. 22 Our survey achieved a 75% response rate, which is considered high for a physician population. [23] [24] [25] We obtained physician-generated searches from a varied group of respondents, including both newer and more seasoned physicians practising in community and academic settings. We used an objective measure of relevance by choosing primary studies included in systematic reviews. Further, we accounted for multiple comparisons by using a conservative level of statistical significance. Finally, our results were consistent across several sensitivity analyses.
We did not directly observe physicians as they searched for medical information, and there may be a discrepancy between what busy physicians report and what they do in practice. 26 By using primary studies included in systematic reviews, we excluded articles that some physicians find relevant (e.g., studies of lower methodologic quality, narrative reviews, case reports, animal studies, commentaries). However, we used widely accepted principles of the hierarchy of evidence to identify the most important primary articles to retrieve in a search. 27 Our results proved robust when we restricted our analysis to the most influential articles.
Our study tested the initial physician-generated search query. In practice, a physician may retry an unsuccessful search or modify the search based on the results. Nonetheless, our results indicate that filters can improve the initial search, which may save valuable time by obviating the need for iterative searches. For reasons of feasibility, we focused on questions of therapy as most systematic reviews pertain to prevention and treatment. As more systematic reviews on diagnosis and prognosis are published, similar methods of testing can be used as well.
Implications for further research
While we found that the best performing filter combinations improved efficiency without reducing comprehensiveness, this was not true for all combinations of filters, as some decreased comprehensiveness or efficiency or both. Evaluations are thus necessary to evaluate the real-world effectiveness of the filters and promote knowledge translation. The methods developed for this study can be applied to other disciplines (e.g., cardiology) and by other users (e.g., generalists). Furthermore, although we showed that the combined use of methods-and topic-based filters produced marked improvements in efficiency, over 40%-50% of the highly relevant articles were not retrieved. This highlights that further refinements and innovations in filter development are needed.
Conclusions
The use of search filters can assist physicians to search more effectively, in less time and with less frustration. For quick clinical searches, the clinical queries filters available in PubMed can significantly improve efficiency of physician searching. Improved search performance has the potential to enhance the transfer of research into practice and improve patient care.
